Study Design. Cochrane systematic review. Objective. To assess the effects of superficial heat and cold therapy for low back pain in adults.
Low back pain is a common complaint with the lifetime prevalence reported as ranging from 11% to 84%. 1 The cause of pain is nonspecific in about 95% of people presenting with acute low back pain, with serious conditions being rare. 2 Chronic low back pain is a welldocumented disabling condition, costly to both individuals and society. [3] [4] [5] Different healthcare disciplines commonly use heat and cold treatments for the treatment of low back pain. 6 -13 Both therapies are simple to apply and are inexpensive. They may be used by people with low back pain at home or may be employed by practitioners as part of a treatment regimen.
Traditionally, ice has been recommended for acute injury and heat has been recommended for longer-term injuries. 14, 15 Superficial heat methods convey heat by conduction or convection. Superficial heat elevates the temperature of tissues and provides the greatest effect at 0.5 cm or less from the surface of the skin. However, deep heating is achieved by converting another form of energy to heat, for example, shortwave diathermy, microwave diathermy, and ultrasound. 16 Superficial heat includes such methods as hot water bottles, heated stones, soft heated packs filled with grain, poultices, hot towels, hot baths, saunas, steam, heat wraps, heat pads, electric heat pads, and infra-red heat lamps. Cold therapy is used to reduce inflammation, pain, and edema. Superficial cold includes cryotherapy, ice, cold towels, cold gel packs, ice packs, and ice massage.
Various national guidelines for the management of low back pain have conflicting recommendation for heat and cold therapy. The U.S. Agency for Healthcare Research and Quality guidelines found no evidence of benefit from the application of ice or heat for acute low back pain, however, recommended self-application of heat or cold for patients to provide temporary relief of symptoms. 17 Other guidelines give different recommendations.
Objectives. The objective of this review was to determine the efficacy of superficial hot or cold therapies in reducing pain and disability in low back pain in adults, aged 18 and older.
Criteria for Considering Studies for This Review
Types of Studies. We included randomized controlled trials (RCTs) and nonrandomized controlled clinical trials (CCTs) comparing superficial hot or cold therapy to placebo, no therapy, or to other therapies.
Types of Participants. Studies were selected that included participants 18 years of age or older, with the complaint of nonspecific low back pain. Trials that included participants with pathologic causes of low back pain and low back pain with radiculopathy were excluded. For the purpose of this review, the duration of back pain was defined as acute (Ͻ6 weeks), subacute (6 -12 weeks), or chronic (Ͼ12 weeks), as defined by the Cochrane Back Review Group. 22 Types of Interventions. Trials were included in which superficial heat or cold therapy was administered to at least one group within the trial. Trials in which cointerventions (e.g., exercise) were given were only included if the cointerventions were similar across comparison groups. If cointerventions were given, trials were excluded if we could not isolate the effects of heat or cold from the effects of the other therapies delivered. Trials of spa therapy (balneotherapy) were excluded because that intervention is being assessed by another Cochrane review. At the time of publication of our review, the protocol for the balneotherapy review had only proceeded to the editorial review stage.
Types of Outcome Measures. Trials were included that used at least one of the five outcomes considered to be important in low back pain research: pain (e.g., measured by visual analogue scale), disability/function (e.g., measured by Oswestry, Roland Disability Scale), overall improvement, patient satisfaction, and adverse effects. The primary outcomes for this review were pain and physical functional status. Some included trials measured other outcomes, e.g., trunk flexibility or skin temperature; however, these results are not included in the analysis because they are out of the scope of this review.
Search Strategy for Identification of Studies
Data Sources. The following sources were accessed and searched: Search Strategy. The search strategy was based on that recommended by the Cochrane Back Review Group. 22 The search strategies for CENTRAL, MEDLINE, and EM-BASE are seen in Table 1 . Search strategies for the remaining databases were adapted accordingly. We also screened references of identified articles.
Methods of the Review
Selection of Studies. One author (S.D.F.) conducted the searches and compiled all of the abstracts retrieved by the above search strategy. Two authors (S.D.F., B.F.W.) then independently applied the inclusion criteria to all of these abstracts. If the eligibility of the study was not clear from the abstract, then the full text of the article was obtained and assessed independently by the two authors. Any disagreement between the authors was resolved by discussion and consensus.
Data Extraction and Management. Two authors (S.D.F. and M.C.) independently extracted the data onto a standard form. The data extraction form was pilot tested on one trial to minimize misinterpretation. Any disagreement between the authors was resolved by discussion and consensus. We requested additional study details and data from trial authors when the data reported were incomplete. Some data from the Nadler studies [23] [24] [25] and from the Mayer study 26 were received from the authors and were incorporated into the table of included studies (Table 2 ) and the results.
Assessment of Methodologic Quality of Included Studies.
The methodologic quality of the included trials was independently assessed by two authors (S.D.F., M.C.) and checked by a third author (J.W.R.). The assessment of methodologic quality was performed according to the methodologic criteria list recommended by the Cochrane Back Review Group 22 and scored as a "yes (Y)", "no (N)," or "don't know (DK)." There were 11 criteria relevant to the internal validity of the study, against which each trial was assessed, including selection bias, performance bias, attrition bias, and detection bias. The methodologic quality assessment of the trials was used to grade the strength of the evidence. Higherquality trials were defined as fulfilling 6 or more of the 11 methodologic quality criteria. Lower-quality trials were defined as fulfilling fewer than 6 criteria.
Data Analysis. Only a small proportion of the data in the included trials were available for pooling. For the majority of comparisons and outcomes, it was not possible to pool results. A qualitative method recommended by the Cochrane Back Review Group 22 using Levels of Evidence for data synthesis was performed: 22 and scored each one as a yes, no, or don't know:
1. Are the patients described in detail so that you can decide whether they are comparable to those that you see in your practice?
2. Are the interventions and treatment settings described well enough so that you can provide the same for your patients? 3. Were all clinically relevant outcomes measured and reported? 4. Is the size of the effect clinically important? 5. Are the likely treatment benefits worth the potential harms?
Results
The search strategy identified 1,178 potentially eligible studies. Of these, 123 were retrieved in full text. We identified nine trials involving 1,117 participants suitable for inclusion. All nine trials were published in English. Only 4 of these trials had pain data in a form that could be extracted and combined in a meta-analysis, [23] [24] [25] [26] and this was only possible after obtaining further data from the authors of the studies. All of these trials examined a heat wrap as the main intervention. One trial had pain data that could be extracted 27 ; however, it was absolute pain data as compared with change in pain data used in the other heat wrap trials. The remaining four trials did not present data in a form that could be extracted for meta-analysis. 28 -31 Despite attempts to con- tact all authors, only additional data for the three Nadler trials and the Mayer trial were obtained. Table 1 shows characteristics of included studies. The median number of participants in each trial was 90 (range, 36 -371). According to our definition, one of the trials included acute low back pain participants, 27 four included a mix of acute and subacute low back pain participants, [23] [24] [25] [26] three included chronic low back pain participants, 29 -31 and one had a mix of acute, subacute, and chronic participants. 28 The nature of the interventions differed between the trials. Two trials compared hot packs to ice massage, 28, 30 one trial compared ice massage to transcutaneous electrical stimulation, 29 one trial compared a full body active warming electric blanket to passive warming by way of a wool blanket, 27 and one trial compared a wool body belt that provided warmth to a lumbar corset. 31 Four trials assessed the effect of a disposable heated lumbar wrap (ThermaCare Heat Wrap; Procter and Gamble, Cincinnati, OH) compared with various interventions. Three of these trials compared the heated wrap with pain relief medication and with a nonheated wrap, [23] [24] [25] and one trial compared the heated wrap alone with exercise alone, with heat plus exercise, and with an educational booklet. 26 The heat wrap is a disposable product made of layers of cloth-like material that contain heat-generating ingredients (iron, charcoal, table salt, and water). These ingredients heat up when exposed to oxygen and provide heat (40 C) for at least 8 hours. The heat wrap is applied to the lumbar region of the torso and is secured with a Velcro-like closure, thus allowing it to be worn while remaining mobile. It can be worn during the day or night. The single use heat wrap costs approximately U.S. $6.00 to $8.00 for a packet of two.
Included Studies
The outcomes assessed and the timing of outcomes varied. Pain was assessed in all trials, however, for only five trials were pain data available for meta-analysis. Three trials only measured pain immediately after the treatment, 27, 29, 30 four trials measured pain over 4 to 7 days, [23] [24] [25] [26] one trial measured pain at the time of hospital discharge, 28 and one after 2 weeks. 31 A validated disability measure was used in four trials. [23] [24] [25] [26] None of the trials assessed overall improvement or participant satisfaction.
Four of the trials declared industry funding. [23] [24] [25] [26] The three Nadler trials were all conducted by the same research team and were funded by the manufacturer of the heat wrap device. The authors of each of these trials were either employees or paid consultants of the company that manufactures the heat wrap device. Correspondence from the authors indicated that these three trials are completely separate studies with each of them including different participants.
Methodologic Quality of Included Studies
The included trials were of varying methodologic quality (Table 3) . Applying the criteria of six or more equalling a high-quality study, five of the trials were of high quality (range, 6 -8) and four low quality (range, 1-5). Five of the trials were reported as randomized. [23] [24] [25] [26] [27] In the Nadler series of trials, the method of randomization was not described. One trial was a nonrandomized CCT 28 and three were nonrandomized crossover trials. 29 -31 Washout of the interventions was not considered in any of the crossover trials. Trial population sizes were generally small (median sample size, 90; range, 36 -371). Five of the trials reported clear inclusion and exclusion criteria, [23] [24] [25] [26] [27] two trials reported brief inclusion and exclusion criteria, 28, 29 and two trials did not state exclusion criteria. 30, 31 Allocation concealment was adequate in only one of the trials, 27 and in the remaining trials was either not reported or was inadequate. Blinded outcome assessment was carried out in four trials [23] [24] [25] 27 and was either not done or was unclear in the remaining five trials. Blinding of participants to the interventions of heat or cold was not possible in most cases. Most trials had an acceptable loss to follow-up; however, only three of the trials reported if an intention-to-treat analysis was undertaken.
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Comparison 1: Heated Wrap Versus Oral Placebo or Nonheated Wrap
Four higher-quality trials assessed a heated wrap or heated blanket versus either an oral placebo tablet, or a nonheated wrap [23] [24] [25] 27 in participants with a mix of acute and subacute (Ͻ3 months) low back pain. It was only possible to combine the data from a maximum of two trials.
Pain relief data were extracted from two of the trials with 258 participants that compared a heated wrap to oral placebo. 24, 25 The short-term pain relief was significantly greater for the heated back wrap than for the oral placebo (weighted mean difference [WMD], 1.06; 95% confidence interval [CI], 0.68 to 1.45 scale; range, 0 -5). Pain relief was only measured for up to 5 days after 30 (1992 randomization. This result indicates an approximate 17% reduction in pain after 5 days with a heated back wrap compared with oral placebo. Pain data measuring the degree of "unpleasantness" were only available for one trial 25 and indicated a significant decrease in the short-term (WMD, Ϫ13.50; 95% CI, Ϫ21.27 to Ϫ5.73; scale range, 0 -100).
Absolute pain data were only available in one trial of 90 participants. 27 This trial demonstrated a statistically significant benefit of a heated blanket compared with a nonheated blanket immediately after treatment in acute (Ͻ6 hours) low back pain (WMD, Ϫ32.20; 95% CI, Ϫ38.69 to Ϫ25.71; scale range, 0 -100). Pain was only measured immediately after the heat was applied for approximately 25 minutes, and no further follow-up occurred.
Only two trials provided data on disability, 24, 25 measured with the Roland-Morris Disability Questionnaire. The short-term (4 days) reduction in disability was significantly greater for the heated back wrap than for oral placebo (WMD, Ϫ2.10; 95% CI, Ϫ3.19 to Ϫ1.01; scale range, 0 -24).
Adverse effects were minor for the heated back wrap. Two trials provided data on the adverse effect of "skin pinkness" after use of the heated wrap. 24, 25 A total of 6 of 128 participants experienced this outcome in the heated back wrap group, compared with 1 participant out of 130 in the placebo group.
No trials were located that examined this comparison for chronic low back pain or for the medium-or longterm effects of this intervention.
Comparison 2: Cold Versus Placebo or No Cold
No studies were located that examined this comparison.
Comparison 3: Heat Versus Cold
Two lower-quality trials evaluated heat versus cold in the form of hot packs versus ice massage. 28, 30 Unfortunately, there were very little data available in either of these trials to extract. Both of these trials were nonrandomized: one a controlled trial 28 and the other a crossover trial. 30 One trial concluded that hot packs and ice massage were not significantly different for participants with a mix of acute, subacute, and chronic low back pain. The other concluded that ice massage was superior to hot packs in participants with chronic low back pain.
Comparison 4: Heat Versus Other Interventions
Three higher-quality trials compared a heated back wrap with oral ibuprofen, [23] [24] [25] and one of these trials also included a comparison group that took oral acetaminophen. 23 Unfortunately, none of these trials presented data in a way that could be combined in a meta-analysis. One trial 23 found that a heated back wrap provided significantly greater pain relief and improved function than oral ibuprofen and oral acetaminophen after both 1 day and 4 days of treatment. The other two Nadler trials did not provide results for this comparison.
One high-quality trial of 100 participants compared a heated back wrap alone with exercise alone and with an education booklet. 26 Measured at 1 and 4 days after randomization, the heat wrap provided significantly more pain relief than an educational booklet (day 2: WMD, 0.60; 95% CI, 0.05 to 1.15; scale range, 0 -5; day 4: WMD, 1.10; 95% CI, 0.55 to 1.65) but not more than McKenzie exercise (day 2: WMD, 0.40; 95% CI, Ϫ1.15 to 0.95; day 4: WMD, 0.30; 95% CI, Ϫ0.41 to 1.01). At 7 days after randomization, there were no significant differences in pain relief between the groups. The heat wrap provided significantly improved function compared with an educational booklet at day 2 (WMD, Ϫ1.40; 95% CI, Ϫ2.79 to Ϫ0.01; scale range, 0 -24) and day 4 (WMD, Ϫ2.30; 95% CI, Ϫ4.24 to Ϫ0.36) but not at day 7 (WMD, Ϫ1.70; 95% CI, Ϫ3.92 to 0.52). There was no significant difference in function between heat wrap and McKenzie exercise at day 2, day 4, or day 7.
One lower-quality nonrandomized crossover trial compared a wool body belt providing warmth to a lumbar corset in chronic low back pain participants. 31 No pain results were provided.
Comparison 5: Cold Versus Other Interventions
Only one low-quality nonrandomized crossover trial examined this comparison. 29 This trial compared ice massage with transcutaneous electrical stimulation (TES) in chronic low back pain participants. The trial concluded that ice massage and TES were equally effective in reducing pain.
Comparison 6: Heat Plus Exercise Versus Other Interventions
One higher-quality trial of 100 participants combined a heated back wrap with exercise and compared this to heat alone, exercise alone, and to an educational booklet, in participants with a mix of subacute and acute low back pain. 26 Heat wrap plus exercise provided significantly more pain relief than an educational booklet at day 4 (WMD, 1.60; 95% CI, 0.89 to 2.31; scale range, 0 -5) and day 7 (WMD, 2.00; 95% CI, 1.29 to 2.71), and also for function (Roland Morris) (day 4: WMD, Ϫ2.60; 95% CI, Ϫ4.54 to Ϫ0.66; day 7: WMD, Ϫ4.40; 95% CI, Ϫ6.62 to Ϫ2.18). Heat wrap plus exercise also provided significantly more pain relief and improvement in function than either heat or exercise alone at day 7. This improvement in pain and function was not evident at the earlier time periods measured (day 2 or day 4).
Clinical Relevance
The median score for the trials was 3 of 5. The higherquality trials generally had a higher clinical relevance score.
Discussion
Only a few studies have been published evaluating the effects of superficial heat or cold for low back pain. We found nine trials involving 1,117 participants that were suitable for inclusion in this review. Of these, six trials examined heat compared with no heat or other interventions, one compared cold to another intervention, and two trials compared heat to cold. The included trials were very heterogeneous in terms of interventions used, control treatments, outcome measures, timing of followup, and presentation of data. Therefore, it was not possible to perform any meaningful meta-analyses, and it was difficult to reach firm conclusions for most types of treatments.
According to the qualitative criteria for levels of evidence, for a mixed population with acute and subacute low back pain, there is moderate evidence that a heated wrap applied for 8 hours, or an electric blanket applied for 25 minutes, are both better than no heat for pain in the short-term (4 days). There is moderate evidence (one small high-quality RCT) that heat wrap is better for pain and function than an educational booklet during the early stages of treatment (days 2-4), but not after 7 days. There is moderate evidence that combining heat wrap with McKenzie exercises is better for pain relief and function after 7 days than an educational booklet and either heat wrap or exercise alone. The effect of these treatments was small. If the short-term beneficial effects of this therapy can be verified in further high-quality trials, then its use would be valuable.
There is empirical data that indicate that industryfunded studies are more likely to be positive than nonfunded studies. [32] [33] [34] The results of the Nadler series of studies and the Mayer study of heat wrap therapy should be considered with this in mind, and independent studies would be useful to verify their results. Also, considering the cost of the disposable heat wraps, it would be useful to include a cost-effectiveness analysis in future trials.
No RCTs were located that examined the effects of cold for low back pain. Given that it is a commonly held belief that cold is beneficial for recent onset musculoskeletal injuries, 35 it was surprising that no studies were located that applied cold treatment to acute low back pain. Indeed, in the trials conducted with participants with acute and subacute low back pain, heat was applied. The trials that were located for cold treatment used cold for chronic low back pain and were of poor methodologic quality. No conclusions can be drawn for the use of cold treatment in low back pain.
There is conflicting evidence when comparing heat treatment to cold treatment. Two low-quality nonrandomized trials of chronic low back pain participants were located. One concluded that hot packs and cold packs were equally effective, and the other concluded that ice massage was better than either hot packs or cold packs.
There were no major adverse events reported in any of the trials. Some minor events were reported with the heat wrap therapy, in the form of "skin pinkness" that resolved quickly.
There are methodologic challenges when conducting high-quality trials into these therapies. For example, it is questionable whether or not participants can be blinded to these interventions. The Nadler series of studies [23] [24] [25] and the Nuhr study 27 attempted to blind participants by including a nonheated wrap or blanket and an oral placebo group; however, the investigators did not measure whether participants could determine if they were receiving an active therapy or not. Also, outcome assessors should be blinded to the allocation of the participants to at least improve the quality of this aspect of the trials. It is recommended that these methodologic issues are considered in future trials.
Heat and cold are methods that are commonly used in practice in conjunction with other interventions, especially in the physical therapy professions. We only found one small study that evaluated the use of heat combined with exercise, and we found no study that examined cold in this context. Thus, no conclusions can be drawn regarding the use of heat or cold in combination with other therapies, other than in combination with exercise.
Conclusion
Implications for Practice
Heat and cold are commonly recommended by clinicians for low back pain. The evidence base to support this common practice is not strong. There is moderate evidence that continuous heat wrap therapy reduces pain and disability in the short-term, in a mixed population with acute and subacute low back pain (up to 3 months) and that the addition of exercise to heat wrap therapy further reduces pain and improves function. This evidence is limited to a small number of trials using a relatively small number of participants, and the size of the effect is small. The application of cold treatment to low back pain is even more limited, with only three poorquality studies located. No conclusions can be drawn about the use of cold for low back pain. There is conflicting evidence to determine the differences between heat and cold for low back pain.
Implications for Research
Many of the studies were of poor methodologic quality, and there certainly is a need for future higher-quality RCTs. Also, many trials were poorly reported, and we recommend that authors use the CONSORT statement as a model for reporting RCTs (www.consortstatement.org). The results of the majority of the studies could not be pooled with other studies because of the way the authors reported the results. Therefore, we suggest that the publications of future trials report, for continuous measures, means with standard deviations or means with standard error of means, and for dichotomous measures, number of events and total participants analyzed.
Future research should focus on areas where there are few or no trials, for example, simple heat applications like hot water bottles, ice massage versus no cold and heat versus cold treatment, and trials in chronic low back pain participants. The classification of duration of low back pain was not consistent in the different studies, and in the future, authors should be clear on the definition of acute, subacute, and chronic low back pain and report the duration of pain in their results. Future studies should be adequately powered and have both a shortterm follow-up (for acute pain) and a long-term follow-up (for chronic pain).
